What Randomized Trials Tell Us
Some have voiced concern that the trials leading to DES approval did not anticipate the broad adoption of these stents. Like most randomized trials, the approval studies that supported the safety and efficacy of DES enrolled a narrow population of patients undergoing single-vessel stenting in stable or unstable angina. However, numerous reports have since demonstrated the use of drug-eluting stents outside of the parameters tested in these trials (off-label use); these off-label uses represent about half of current practice. 8, 9 Randomized trials are carefully designed experiments that vary only one condition between groups: the assigned treatment. It is appropriate that human studies begin within populations that are well-understood; in this case, it was a patient population that had been well-characterized in the era of bare-metal stents: those undergoing single-vessel treatment of de novo coronary stenoses. An attempt to include all patients in initial studies could have the unintended consequence of masking either benefit or harm by combining heterogeneous effects of treatment.
The deficits of this initial strategy are generalizability and power. Additional randomized trials may seek to address benefits and risks in some of the excluded subgroups or to define adjunctive therapy, but observational studies are necessary to understand the ultimate questions of risk and benefit across the full range of practice.
What Observational Studies Tell Us
A well-conducted observational study can provide valuable information regarding adoption rates and risks and benefits of new technologies. Because randomized trials are (appropriately) confined to both narrow patient populations and narrow physician populations, the expectation of similar rates of treatment benefits and safety profiles in the usual care setting is unrealistic. The strong external validity of observational studies, however, is pitted against their weaker internal validity: Patients are not randomized to stent types. This is an old and familiar problem. Researchers can utilize a variety of techniques to bolster the internal validity of observational studies. These include the use of different design adjustments: cross-sectional designs; use of multiple comparison groups 10 ; pre/post designs; quasi-experimental designs 11 ; and landmark analyses. 12, 13 These strategies work only to the extent that additional adjustment methods balance the groups on the basis of observable confounders. For example, the more the treatment selection depends on physician and patient factors, the more susceptible the analysis is to bias.
Analytical adjustments can be used to make the treatment groups more comparable. These include regression adjustment (such as the use of a Cox or logistic regression model); propensity-score adjustment (such as matching, stratifying, or weighting end points by the estimated propensity score) 14 ; and instrumental variables adjustment. Standardized data collection tools and complete follow-up are required to minimize bias. Because of the inability to rule out unmea-sured confounders, a sensitivity analysis that measures how much unmeasured confounding must exist to refute the findings must be performed.
Another Piece of the Puzzle
In the present issue of Circulation, Hannan and colleagues 15 attempt to answer a fundamental question for current DES technology: Have outcomes improved since their introduction? The authors compare 2 time periods: one before the introduction of DES and one after. Controlling for measured confounders (patient, anatomic, and hospital characteristics) with a Cox proportional hazards model, they report that patients in the DES era had lower rates of death and myocardial infarction and of repeat revascularization than patients in the prior era.
The empirical strategy adopted by the authors avoids directly estimating the association between DES and coronary artery stenting outcomes. Rather, the authors 15 suggest that the improved outcomes in the post-DES period compared with the pre-DES period are due to DES in addition to other factors. Their statistical approach is somewhere between an "ecological approach" and an "instrumental variables (IV) approach." An instrument is a variable that is predictive of treatment assignment but not predictive of the outcome once treatment is taken into account. 16 Intuitively, an instrumental variables estimate of the treatment effect is the difference in mean outcomes between treatment groups divided by the difference in the fraction of patients predicted by the instrument to receive DES in both treatment groups.
On the one hand, Hannan and colleagues 15 are almost using time as an instrument that predicts DES use. They assume the second component in the denominator, the probability of receiving a DES in the pre-DES era, is 0 (which is sensible). However, they never report the proportion of patients receiving DES in the post-DES era, nor do they divide the mean outcome differences by the differences in predicted DES use. The reason to re-scale the numerator is to appropriately allocate the DES effect to patients for whom there is some variation in their propensity to receive a DES. Such patients are referred to as marginal patients. These are patients whose medical, demographic, and anatomic characteristics are such that they would receive a DES in the post-DES era but would have received a BMS in the pre-DES era, even if a DES had been available; that is, in these cases, the treatment assignment depends entirely on the instrumental variable (time in this case). In some sense, the marginal patients correspond to those who could be randomized to either treatment strategy.
On the other hand, the authors are basically using blocks of time, that is, DES eras, to characterize 2 different populations by DES penetration rates. This approach is similar to ecological analyses where outcomes are compared between 2 geographic areas with different treatment penetration rates. The usual problems with ecological analyses apply here; the relative benefit attributable to DES as compared with other concomitant changes in medical practice (eg, duration of dual-antiplatelet therapy or treatment of hyperlipidemia) was not assessed. Hannan and colleagues 15 are appropriately cautious in interpreting their findings. Regardless, the study by Hannan and colleagues 15 gives the holistic conclusion that outcomes have improved since the introduction of DES.
Are there alternative explanations for this conclusion? Yes. First, changes in medical therapy over the time period were not taken into account. Both the requirement of extended clopidogrel use for patients with DES and the concomitant realization of benefit in acute coronary syndromes was likely a cause for longer durations of clopidogrel therapy in the later period, although not measured in the study. 12, 17 Second, there may have been differences in patients treated with percutaneous coronary interventions over the 2 time periods that cannot be accounted for by regression modeling that assumes linearity of measured confounders. A nonlinear difference in the types of patients referred for percutaneous coronary intervention between the time periods, whether more complex 18 or less, would further confound the relationship between time and outcomes. To better understand the improvement in outcomes after percutaneous coronary interventions in New York reported by Hannan et al, 15 it would be helpful to understand whether certain groups of patients were more or less likely to receive percutaneous coronary intervention over time.
Are Drug-Eluting Stents Getting a New Look?
Overall, although performed in different locations and with different methods, recent observational studies have shown reassuring results; in general, the prevention of restenosis promised by the randomized trials is evident in clinical practice and does not come at the expense of an increase in death or myocardial infarction compared with bare-metal stenting (Table) . Although an early report from Sweden was a cause for alarm, 20 the findings of increased late death associated with DES have been more recently reversed after more follow-up in the same study. 25 The results from several other independent population-based studies across North America and Europe comparing the effect of DES on outcomes at 2 years have shown both no increase in death and preserved restenosis benefit. 3, [21] [22] [23] 
Conclusion
Dramatic shifts in DES usage relative to bare-metal stents have occurred since their introduction in 2003. This suggests that the vast proportion of cardiologists and interventional cardiologists are responding to reports that have punctuated the past 5 years, some of which have been borne out in longer-term follow-up and some of which have been reversed. Although no single method to design or analyze data is correct, some methods may be weaker than others. Rather than having each individual choose the study that suits what he or she expects to be the truth regarding DES, welldesigned randomized and observational studies must respond to the demand for greater knowledge regarding the safety of drug-eluting stenting and coronary intervention. To be sure, we need to continue to ask questions about this technology and the newer iterations to the concept. As technology improves, the questions become more refined, moving beyond restenosis to understanding of late events and to appreciation of the implications of adopting new technology in the general population.
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